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Chapter 1 
INTRODUCTION 
The purpose of this thesis is the empirical determination 
of the response of an optical spatial filter s,rstem to photographic 
detail edges. Spatial filtering in an optical system refers to a 
process in which the performance of the system is modified in terms 
of object size and shape. 
In its essentials, the optical system under investigation 
is well known. Porter;- in 1906, performed a series of spatial fil-
. .>-
tering experiments in verification 0f the Abbe theory of the micros-
cope. A renewed interest in recent years, however, has been the 
result of the fruitful application of Gomnmnication Theory to optics. 
Some of the first work in the improvement of contrast by 
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spatial filtering techniques was described by Ma.rechal and Croce 
from a primarily optical point of view. Cheatham and Kohlenber~ 
described optical spatial filters and their analogs in electrical 
networks. OtNeill4' 5 presented an analytical treatment of the 
image forming properties of the filter system showing preliminary 
experimental results using a two-dimensional optical filter system. 
The above references constitute a quite rigorous analytical 
treatment of the spatial-filtering system. The next logical step 
is, of course, an equally rigorous experimental treatment. 
A doctoral dissertation by Groce6 concerning practical 
filtering techniques was published late in 1956. Groce treats the 
filtering process in one and two space dimensi~ns with both electro-
optic and photographic sensing devices. 
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The work being reported in this thesis is a continuation 
of the experimental work by o•Neill mentioned above,·but on a more 
quantitative basis. The work goes beyond the theoretical analysis 
since the receiver is the photographic enmlsion. This is a non-
linear receiver and ~ence is not susceptible to the analysis pre-
viously developed. The importance of the'photographic receiver as 
such, however, warrants this direct experimental approach. 
Early in the course of this investigation we learned, 
through a visit to this laboratory by Dr. Marechal, of the concur-
rent investigation by Croce.. Since his work was well under way and 
to prevent a duplication of effort, we agreed to limit our initial 
investigation to the use of spatial filters whose distributions 
varied only in amplitude and not in phase.. More specifically we 
decided that our filters were to consist of opaque masks rather than, 
for example, depositions of var.ying thickness. 
Any further discussion of the specific objectives of this 
investigation is best postponed until aQbrief description of the 
spatial filtering process can be presented, after which the above 
considerations will become more meaningfUl. 
/ 
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Chapter II 
THEORETICAL CONSIDERATIONS 
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This theoretical discussion will be limited to an extent 
necess~ for the scope of this investigation. First a descriptive 
account of the filtering process will be given; then the analytical 
expressions defining the general image formation and the spatial 
frequency dependence in the filter aperture will be presented. 
With reference to Figure 1, a point source is imaged by 
a lens (L) to a ttpoint imagen which is a diffraction pattern char.:.. 
acteristic of the aperture of the lens. The distribution of light 
amplitude and phase in the diffraction pattern is a function of the 
ampl;i tude and phase distrlbtition · in~ the aperture. Specific ally, it 
is the Fourier transform of the aperture distribution. With a 
clear round aperture of constant amplitude the diffraction pattern 
gives the familiar Airy pattern. .An instructive example of this 
transformatmon from the space domain in the lens aperture to a 
spatial frequency* domain :LD:::the diffraction plane would be obtained 
by placing a light-modulating* filter in the lens aperture that would 
change the constant amplitude to a sine distribution (e. g., amplitude 
diffraction grating). The diffraction pattern resulting would have 
an Airy pattern on axis corresponding to the constant compo~t of 
the sine .function and an .Airy disc on either side at a radius cor-
responding to the frequency of the sine function. Increasing the 
frequency of the sine function in the lens aperture would have the 
effect of increasing the separation of the two side spots in the 
*These refer to spatial changes and not temporal changes as in the 
.electrical case. 
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diffraction plane. An extension of this example would be the placing 
of a square wave-modulating filter in the lens aperture. In this 
case the diffraction pattern would show, with spots of light at suit-
able radii, the entire discrete spectrmn. of the square wave. 
A second lens (L2) is placed in the plane of the latter 
diffraction pattern and forms an image of the aperture of the first 
lens in an eyepiece or on photographic film. This image is formed 
with the light that has been diffracted by the aperture of the first 
lens. L0oking back to the aperture of the first lens, we may con-
sider that each diffracting point in the aperture distribution acts 
as a new source of li~ht and has a conjugate point in the image formed 
by the second lens. Except for the very important fact that each of 
these points has a definite phase relationship, having been ill1llllin-
ated coherently by the point source, this :image formation is analogous 
to normal extended source imagery. 
The system therefore performs two consecutive operations: 
the first lens, an analysis of the spatial frequency distribution of 
its aperture and the second lens, a synthesis to recover the origiBal 
distribution. Analytically, the first operation is a Fourier trans-
formation of a function of amplitude and two space dimensions to a 
two-dimensional frequency distribution, whereas the second operation 
is the inverse transformation to the space domain. The possibility 
of altering the diffraction pattern distribution with amplitude and 
phase filters, i.e., attenuating or eliminating or changing the phase 
of certain of the Fourier components before the s,ynthesis by the 
second lens, provides the spatial filtering properties of the system. 
Lint sou ref! 
L, 
pos/fion of fhe lmaqr 
of L1 aperture 
Lz 
imcrqe of point source 
(Airy pcrifprfl w/;ei/ 11 ;s clear round 
aperture will? co11Jfcrnt ampl/fude) 
[] eyep~ 
(recelver) 
Figure 1. Schematic Diagram of Optical System. 
\r1. 
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It is at this point that one of the fundamental limitations 
of the system is seen. This limitation lies in the fact that, since 
the radius in the diffraction plane is a function of frequency in 
the original distribution, anything but an infinitely large syn-
thesizing lens will result in a finite frequency pass through the 
·system. In the c11rre:nt investigation, using photographic materials 
as objects in the analyzing lens aperture, this does not turn out to 
be a serious limitation. 
Analytical Expressions for Coherent Imagery 
The material of this section is taken from reference (4) 
in which a comprehensive analytical treatment appears. 
With reference to Figure 2, let us assume that the object 
plane is illuminated from the left by a coherent plane wave of light. 
We shall let ~ (~ -§ J y.--- '?_)be the complex amplitude distribution 
in a point :image of a unit amplitude in object space. Assuming the 
object ~ rt) "7..) to be made up of a number of these unit points, 
then each of these points will have a conjugate point in the :image 
space. The distribution in the image space ..b (·Jt1 "j) 
be given by 
00 
will then 
..:. ("" J "/) =fi-<V ( "/- -!J '1- 1) tr' (J' 7) d.. f"" ?[ 
.... Ot1 
Utilizing a theorem of Fo11rier Transforms we obtain 
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where ~~ J -z> )) r jP.. I .zJ).) and I ~J .J) are the two dimen-
sional Folli'ier Transforms of t>'(f> ~) , ~{~.; '7) , and 
respectively, and the reduced coordinates or space 
-.b~ frequency variables are ~ =- --'-? 
where the wave number, 
Spatial FreqQency Dependence in Filter Plane 
1_ $ /11-" 
and 4/- r 
As an illustration of the above, consider a cosine object 
where complex transmission is given by Cf'(,.,;,) = l!.,kf .;t; 11' )/ ~ = i.d<V ~4-
where N = spatial frequency in units of reciprocal length. This 
will produce two bright spots at ...,u, :::: t ~ .P-- in the filter 
plane .fo. --tJ , 
/ 
where ~ = .;t, 1l ~ 
--4 = !:!E 
'A and ' 
then ...u....::: + A f ?u 
Optical System 
Chapter III 
INSTRUMENTATION 
Some of the consider~tions which affected the choice of 
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the various components of the filter system, both mechanic81 and 
optical, were of the type that applies to any practical optical 
system. Some, however, were peculiar to the spatial filter system, 
and of these there were some that could net .be anticipated precisely. 
As a result, the effect of some of the components, such as lens sur-
face polish for example, could not be ascertained until thei.r actual 
inclusion in the working system. It seems, therefore, that the best 
way to describe the system is probably to discuss the various com-
ponents in the order of their selection together with the considera-
tions affecting the selection. In the following discussion the 
analyzing lens will be referred to as the target lens and the syn-
thesizing lens as the objective lens. 
Besides the question of optical quality the most important 
consideration affecting the choice of the lenses concerns their 
dimensions. In the case of the target lens the most important dimen-
sion is its image distance since the scale of the Fourier spectrum 
in the objective aperture is directly proportional to the distance 
from the objective :Nlerture to the target aperture. The diameter of 
the target lens merely l:imi ts the physical size of the . targets to 
be used, and this is not critical in this investigatien. 
Once the latter image distance has been established, the 
most important dimension of the objective lens is its dtameter, 
10 
since this determines the acceptance of the Fourier components in 
the objective aperture and therefore is a direct limit to the fre-
quency pass of the system. The frequency pass of the system therefore 
varies directly with the objective lens diameter and inversely with 
target lens image distance. 
The fact that a one-to-one scale from target to final image 
would be desired for a foreseeable extension of the filtering inves-
tigation to another related laboratory project and the fact of the 
high optical efficiency of a s,ymmetrical type lens system when used 
at one-to-one conjugates led to the decision to use the latter type 
system. The two symmetrical pairs were made up each with twe closely-
spaced, 36-inch focal, 3 1/4-inch d:Lameter achromats ( llA11 , Figures .3 
and 4) • Their low-reflectance coated crown elements were positioned 
to face each other. The resulting lens when used at one-to-one con-
jugates as the target lens results in the formation of quite prac-
tical dimensions in the diffraction plane and, consequently, practically 
realizeable filter dimensions. With the resulting target lens image 
distance, the radius in millimeters in the diffraction plane corres-
ponding to a given spatial frequ.ency order in the target is approxi-
mately equal to one-half the spatial frequency in lines per millimeter 
when green light is used. Further, this same relationship shows that, 
assuming a 2 1/2-inch usable diameter for the objective lens, the 
system is capable of passing spatial frequencies of the order of 60 
lines per millimeter. This is a practical upper limit when one con-
siders that standard photographic emulsions will be used in making 
the targets and that the greatest interest lies in the use of the 
filtering system with targets of relatively low resolution. 
ll 
The next problem undertaken was the positioning, from optical 
as well as mechanical considerations, o:f the target and f'ilter planes. 
Up to this point we have tacitly asSlllm.ed that the latter planes were 
actually in the apertures o:f the corresponding lenses. The physical 
impossibility of' this is :further complicated by the desira'l?ility of 
rather substantial, and therefore bulky, target and f'ilter holders 
with provision for adjustment of position with sufficient accuracy 
and flexibility to permit precise alignment of the :filter.with the 
diffraction pattern. Fortunately, the work by Dr. 01Neill with the 
previous system and the preliminary tests with the new system indicated 
that it would operate ef'f'iciently 1dth the target and :filter planes 
separated f'rom. the respective lens apertures by as much as an inch or 
two. To preserve the one-to-one imagery, however, the distance of the 
target plane from the target lens would have to be the same as the dis-
tance of the filter plane from the objective lens. The problem of 
accurate alignment of the filter with the diffraction pattern was made 
simpler by the property of the system that the dif'f'raction pattern of 
. . 
any distribution in the target plane always falls on axis in the dif-
fraction plane irrespective of the position of the distribution in the 
target plane. · This property made it possible to effect the complete 
control of positioning between the two planes by providing rotational 
adjustment in the target plane and two-coordiDate translation in the 
f'ilter plane. The former was accomplished by mounting the target 
mount (a 2 x 2-inch slide holder) on a rotating microscope stage 
( "Btr, Figure 3) , and the latter adjustment was provided by mounting 
the filter holder on a two-coordinate microstage ('*C", Figure 4). 
The :filter holder consists of an adapting spring back to accept a 
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4 x 5-inch photographic plate holder ( 11D11 , Figure 4) • With the inner 
separating partition between the two sides of the plate holder drilled 
with a 3-inch aperture, the plate holder serves double duty. First, 
' it may be used to hold a photographic plate in the diffraction plane 
to record the various distributions and second, it holds the 4 x 5-
inch metal plates upon which the filters are fabricated. 
The problem of recording the final image in the system was 
handled by the selecting the Ex:akta 35 mi 1 J i meter camera ( 11E11, Figure 
4) and mounting it on a microstage to permit precise focusing. The 
reflex viewing feature of the Ex:akta with an. auxiliary 20-power 
microscope permits observation of the image during the alignment of 
the filter just subsequent to the photographic exposure. In order 
to be able to make the necessary alignment adjustments on the target 
rotation and the filter position while observing the image in the 
microscope, it was necessary to place an aluminized optical flat ( JtFtr, 
Figure 4) between the objective lens and the camera, folding the s.rstem 
so that the latter adjustments would be within reach from the camera 
position. 
The discussion of the selection of the light source has 
been left nntil last merely because it was the last component of the 
s.rstem to be completed in satisfactory form. The problem lies in 
the difficulty of obtaining a 11point 11 source of sufficiently small 
dimensions but with sufficiently high intensity.. The first approach 
to the problem was the use of Zirconium concentrated arc lamps. The 
first lamp used was the 2-watt unit. This lamp had an arc of a suf-
ficiently small cross section (0.085 millimeter diameter), but it had 
two rather important disadvantages. It had a very low candlepower 
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rating (0.32 cp.), and the arc had a tendency to shift in position 
during operation. The 10-watt concentrated arc lamp next used had 
a higher candlepower rating (2. 7 cp.) and was quite constant in posi-
tion. The 0.4 millimeter source diameter, however, was almost five 
times the diameter of the 2-watt arc. This increase in source 
diameter did not appear to markedly affect the operation of the 
filter system, bat the still comparatively low illumination level 
provided by the 10-watt lamp, although sufficiently high for visual 
testing, made extremely long photographic exposures necessary. This 
was especially true when colored filters were used in the system. 
Nevertheless, the 10-watt lamp appeared to be the best compromise 
between source diameter and candlepower, and it was used for a great 
deal of visual testing and demonstration and also for some photograph-
ic work with the system. 
Meanwhile the search for a source of higher intensity con-
tinued. This search had its .. cu.lm.ination in the installation in the 
system of an OSRAM HB107 super-pressure merc"tll'y arc lamp. This lamp, 
operating at ioo watts, has an intensity rating of approximately 900 
candles per square millimeter and a source diameter of 0.3 milli-
meter. The HB 107 requires a 50-volt D.C., 7-ampere power supply, 
but it has the advantage of not requiring any forced cooling appar-
atus. The lamp and its housing have comparatively small physical 
dimensions and thus were easy to adapt to the existing .filter aystem 
("G11 , Figure 5). The first tests with the lamp indicated that, for 
the purposes of the filter system, the cross section of the arc was 
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effectively larger than the rating indicated, with the edges of the 
source made indistinct by the thick quartz envelope. Also, a slight 
motion of the arc during operation was observed. The use of a light-
condensing system and a pinhole of 0.17 millimeter diameter ("Hn, 
Figure 5) was the solution to the above problems. The pinhole pro-
vides a very distinct point source for the filter s,rstem and bas 
the advantage that any slight displacement of the 0. 3 millimeter 
diameter arc source shows up merely as variations in intensity of the 
0 .17 millimeter diameter pinhole n source. 11 These intensity variations 
are not large enough to affect visual observation through the system, 
and they average out during photographic exposures of the order of 
seconds in length. The condensing system ( 11Ktt, Figure 5) consists 
of two 100-millimeter focal length achromats, and it is at the aperture 
of the condensers that any colored filters used in the s,ystem are 
placed. The position of the pinhole is fixed with respect to the 
filter system so that adjustments may be made on the arc source and, 
for example, the bulb changed without disturbing the alignment or 
focus through the s,rstem. 
For the completion of the working system~here remained 
only the positioning and accurate alignment of the various compo-
nents. Also a light-tight enclosure was necessary for the space 
between the objective lens and the camera, and a light baffle was 
needed in the area between the target lens and the .filter holder to 
prevent stray light from entering the above enclosure through the 
objective lens. 
In order that direct comparisons might be made bettv-een 
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Figure 3. Target Position. 
~ 
Figure 4. Filter and Final Image Positions. 
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( 
( 
Figure S. Source Position. 
( 
( 
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coherent and diffuse imagery in the filter system, a small size, 
100-watt projector lamp was installed in a housing that could be 
attached to the source side of the target lens. This supplementary 
light source (II Lit, Figure 3.-~) , which is connected to a source of var-
iable A.C. voltage (a Variac), has an opal glass diffuser which 
illuminates the target plane with diffuse illumination. The Variac 
is used to adjust the~·:brightness of the source to equalize the pho-
tographic e:xposures for coherent and diffuse illumination. 
Figure 6 shows all the previ0usly mentioned components 
installed in the completed spatial filter system. 
Filter Considerations and Instrumentati0n 
Since the objective lens acts so as to limit the high-
frequency pass of the system it is, strictly speaking, a low-pass 
filter. Therefore any alteration of the low-frequency pass of the 
system by means of added filters would produce an over-all band-pass 
type of operation. However, it is more convenient and meaningful to 
ignore the high frequen~ limiting by the objective lens aperture 
and consider only the action of inserted filters on the frequency pass 
of the s.ystem. Therefore a filter which cuts off low frequencies 
will be ter.med a high-pass filter and vice versa. 
The simplest way to consider the filtering action in the 
diffraction plane is to remember that the greater the distance 
measured from the axis of the s.ystem, the higher the target spatial-
frequency order that is associated with this radius. Therefore an 
iris diaphragm which would reduce the radius of the aperture in the 
diffraction plane would cut off high spatial-frequen~ orders and 
therefore would constitute a low-pass filter. Since low-pass filtering 
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amounts to simply stopping do the optical system, it will be con-
sidered a trivial not be dealt with in this investiga-
tion. 
The high-pass type of' filter consists of an occluding area 
at the center of the diffractiln pl~e. This filter removes the 
constant component which is asiociated with the over-all brightness 
level on the target plane and iilters out higher frequency orders 
according to its radius. To i lustrate the effect of eliminating 
consists of nothing but the c aperture of the target lens. 
Tracing the path of the so-c ed geometrical rays through the 
system, we find that they all intersect at the image of the point 
source which lies on a;x:is in he diffraction plane. This image 
constitutes the constant comp nent in the Fourier space which is the 
diffraction pattern. Blockin out this image would mean that the 
only light that. could get thr ugh the system would be the light dif-
fracted by the edges of the 1 ns aperture. Therefore the final 
image would show only the edg s of the target lens aperture. 
In fabricating the igh-pass filters, the major problem 
was to provide a support for he centrally-located occluding spots. 
Any optical materials upon wh ch these spots might be supported must 
have high optical quality due to their location in the aperture of 
the objective. Further, this region is even more optically 11sensi-
ti ve 11 due to the dependence o the final image on the phase rela-
tionship of the light in the iffraction plane. For this reason 
it was decided not to supper the occluding spots on plane parallel 
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optical elements but to suppo them at the center of a clear aper-
ture at the intersection of cr ss wires fine enough so that the wires 
would have negligable effect · the diffraction plane. It was found 
that 0.001-inch diameter plat· :um wire (#50 B&S gage) would adequately 
serve this purpose. diameter holes were cut at the center 
of 4 x 5 x 1/lQ-inch aluminum lates, and the cross wires were affixed 
along the diagonals of the pla es. 
The occluding spots to be attached at the cross wire in-
tersection consisted of small ound iron shot. Commercially avail-
able iron shot was procured in a range of sizes, and round shot of 
the proper diameters were sele ted from these. First, a quantity 
of shot in a particular size r ge was inspected with a binocular 
microscope and specimens with sufficient roundness were separated. 
Then by means of an optical c+arator, shot of the proper diameters 
were chosen from the latter. These selected shot were then attached 
to the cross-wire intersection with highly diluted 11Ducon cement. 
This latter operation was acco plished using the binocular micros-
cope and applying the cement th a fine camel 1 s hair brush. 
Four occluding spot · ameters were selected for use in 
this investigation. They are .3, 0.4, 0.5, and 0.6 millimeters. 
Used as high-pass filters thes filtered out the constant compo-
nent and all spatial frequenci s up to approximately 0. 3, 0 .4, 0. 5, 
and 0. 6 lines per millimeter r The range of frequency 
cut-off was fixed in the very ow spatial frequency region because, 
as was stated previously, the eatest interest lies in the region 
of law target resolution. 
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Target Considerations 
The purpose of' this thesis, a:s stated in Chapter I, is the 
empirical determination of' the response of' an optical spatial filter 
system to photographic detail edges. The targets to be used in this 
investigation must therefore present to the filter s,ystem typical 
photographic edges in some sort of' systematic sampling through the 
range of the parameters used in describing the edges. Parameters 
for the description of the photographic edge and their relationship 
to subjective photography are a source of constant controvers,y. 
However, for the purpose of the discussion of the targets and their 
fabrication, the target edges will be described with two parameters: 
one for contrast and the other for slope or Sharpness. Considering 
a photographic edge to be the region of demarcation between two ad-
jacent areas of different density, the contrast of the edge ~Jill be 
given as the latter density difference. The sharpness of the edge 
will be stated with respect to the relative aperture of a diffrac-
tion limited optical s,ystem which is used in forming the edge. 
The first problem to be considered is the selection.of the 
target configuration or distribution. The use of a single edge as 
described above was ruled out immediately because the changes in the 
shape of the edge with contrast and sharpness differences as ~ell as 
the variations brought about in the filtering operation would make it 
impractical to maintain a check on the position of the original edge 
(before the change) with respect to the new edge. If, as would be 
expected, the latter variations in the shape of the edge are sym-
metrical with respect to the center of the target field, then the 
use of two parallel edges would make it possible to determine the 
position of the original edges after the change. Because of the 
latter considerations, and to make it possible to readily observe 
any asymmetrical effects in the system, a configuration of four 
llllltually perpendicular edges in the form of a square was decided 
upon. The square should be large enough so that in any mode of 
operation of the filter system the edges would not interfere with 
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each other, but it should also be kept as small as possible to re-
duce the field requirements of the optical s,ystem. 
The next problem has to do with the photographic emul-
sion to be used in making the targets and its effect in the filter 
system. The granular nature of the photographic image is certain 
to have a perturbing effect upon the operation of the system since 
the coherency of the illumination is partially destroyed b.1 the 
diffusion brought about b.1 the photographic grains. Also the low 
optical quality of the photographic film, variations in thickness, 
pinholes, spots, etc., result in the introduction of a certain amount 
of ttnoise,n that is, extraneous detail, in the filter system. Croce6 
points out that the latter effects can be reduced b.1 using finer grain 
film and by careful handling i:n processing. ·Also the need for accu-
rate control of the shape of the edges in the target set makes it 
necessar,r to utilize a film with reasonably linear response (that is, 
density = ..Y log exposure) and, for the sake of experimental conven-
ience, a gamma equal to unity. Linear film response and unit gamma 
have the result that the transmission of the developed image bears 
a simple inverse relationship to the intensity of the exposing light. 
At this point it might be well to discuss briefly the 
question of linearity through the filter s,rstem. 0'Neill4,5 shows 
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that the coherently illUlllinated filter system is linear in amplitude 
from the object plane to the image plane. The effect on the ampli-
tude qy a transmission filter in the object plane is as the square 
root of the transmission. HOWever, the effect of the amplitude dis-
tribution in exposing the photographic film is as the square of the 
amplitude, that is, the intensity. Therefore the intensity in the 
image plane is linear with respect to the transmission in the object 
plane, and, given a linear film response and unit ganuna, the trans-
mission in the developed image has a simple inverse relationship 
with the intensity in the image plane and therefore with the trans-
mission in the object plane. If the transmission targets were made 
with unit gamma, it is also true that the developed image of the 
filter s,rstem is linear with respect to the intensity distribution 
used in exposing the targets. 
Target Instrumentation 
First a master target was made in the form of a clear 
square aperture, 4.27 millimeters on a side. This was made with 
four strips of 0.001-inch-thick brass shim stock. Contact prints 
were then made with this aperture on high resolution #649 Kodak 
photographic plates. A 100-watt concentrated arc lamp at a dis-
tance of 10 feet was used to make the exposures to insure the 
sharpest possible edges. In this way a nUlllber of plates with 
square areas of different densities were obtained. The plates 
then were used as the master targets from which the final target 
set was made. 
The objective lens and the Ex:akta camera of the filter 
system was used to make the target set. The master target plates 
were positioned at the target plane of the filter s,rstem, and an 
opal glass diffuser was placed behind them. Ill1llllination was pro-
vided by concentrating the beam from a 750-watt Delineascope pro-
jector onto the opal glass diffuser. To improve the imagery at 
the higher relative apertures, a wratten #58 green filter was placed 
in the slide carrier of the projector. The very high intensity 
level provided by the projector (over 3,000 foot candles) was required 
to permi~ practical exposures with the extremely low relative aper-
tures used (to f/400). The contrast of the resulting target was de-
termined by the contrast on the master target plate and the sharp-
ness of the resulting target was determined by the relative aperture 
and consequent diffraction limit to the resolution of the stopped-down 
objective lens. Iris diaphragms which could be inserted into the 
filter plane of the s.ystem were used to stop down the objective lens. 
The only critical requirement of the fi~ and processing 
. combination for the target exposures was the requirement of linearity 
of response. Also, as stated in the previous section, an attempt 
would be made to obtain unit gamma. In order to maintain an accurate 
sensitometric check on the response of the s,ystem, a step tablet was 
made with Wratten neutral density material that could be used in the 
obj ect plane of the s,rstem and which would perrni t the making of 
sensitometric exposures along with the target exposures on the same 
film strips. 
In the light of the previously mentioned considerations 
of the effect of target film granularity, the first emulsion to be 
used was the very fine grain Micro file film. The difficulties in 
trying to reduce the inherently high gamma of this film to the gamma 
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of one and its erratic response at low gamma caused its ear~ rejection. 
The next film tried was the moderately fine grain, low contrast emul-
sion of Panatomic X. Early tests with this film were conducted with 
dilute D-76 developer, but later on a monobath, 7 which was designed 
for this enmlsion, was tried with very satisfactory results. The mono-
bath processing was not only quicker (developing and fixing simultane-
ously in approximate~ from one to ttvo minutes) but it also produced 
less variation in gamma along the length of the developed roll of film 
(36-exposare lengths of 35 mm. film ~re used). There was also the fur-
ther advantage of less sensitivity of the developed gamma to processing 
temperature. 
The biggest difficulty in maintaining control of the response 
of the film used in making the targets was the result of the extremely 
great range of exposure times made necessary by varying the relative 
aperture of· the objective lens from f/15 to f/400. The Panatomic X 
film proved to have a very appreciable low intensity recipr:oci ty failure, 
and the effect of this failure was an increase in gamma and a lengthen-
ing of the non-linear 11toe 11 region of the film's response with the in-
crease in exposure time. 
With the D-76 processing it was found that both of these latter 
effects could be reversed and returned to an approximately normal state 
by reducing the development time. With the monobath, to obtain the same 
effect it was necessary to adjust the relative proportions of the constit-
uants of the fornm.la. In both cases the net result was a decrease in the 
over-all sensitivit.Y of the s.ystem, thereby making even longer exposures 
necessary. 
' 
The monobath made it possible, however, to obtain linearity and 
unit gamma at an 8-second exposure time with the objective lens stopped 
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down to f /400. _Since the gamma of the film varied with exposure 
time, it was necessary then to decrease the illumination in the 
s,ystem with the increase in the relative aperture of the lens so 
that all of the exposures could be made at the same exposure time. 
The illumination by the projector was decreased by decreasing the 
voltage to the lamp by means of a Variac. The variation in inten-
sity necessary in going from an aperture of f/400 to an aperture of 
f/15 is approximately 700 times. Although the color temperature of 
the projector lamp changed greatly with the decrease in supply vol-
tage, the Wratten #58 green filter in the projector provided a suf-
ficiently constant spectral distribution for the s,rstem. 
A set of 16 targets was made with 4 contrast levels and 4 
relative apertures. The contrast levels were 0. 70, 0.30, 0.12, and 
0.05 units of density difference. The relative apertures used were 
f/15, f/45, f/135, and f/400. 
During the expsoure of the targets, exposures were also 
made with high and low contrast resolution targets in the object 
plane. The tablet exposures were all made on the same roll of 35 
mm. Panatomic X film. All the exposures were made at an 8-second 
exposure time. The step tablet exposures were made through the 
range of the various projector intensities as explained above. 
The sensitometric curves plotted from these latter exposures all 
bad gammas within the region of 1.00 !. .05 and the density dis-
tributions of the edges in the target exposures fell within the 
range of .the linear region of the film 1 s response. 
The 16 targets were then bound in single frame size (12.5 
x 23 mm.) 2 x 2-inch 35 mm. film slide mounts for use with the 
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spatial filtering sy-stem. The following table shows the high con-
trast and low contrast resolution levels which resulted with the 
four apertures that were used. 
Resolution in Lines per Millimeter 
Aperture High Contrast Low Contrast 
f/15 64.0 28.5 
--/f/45 32.0 22.7 
f/135 12.8 11.4 
f/400 4.5 4.0 
Chapter IV 
OPERATION OF SPATIAL-FILTER SYSTEM AND RESULTS 
Noise Inherent in the System 
As was stated previously, there was no anticipating the 
effect of the various optical surfaces until their inclusion into 
the system. The mirror used in folding the system is a high-quality 
flat that was used previously in an in.terferometer,; thus its quality 
was proven. The achromats, on the other hand, were procured through 
commercial channels, and it was not lmown just how highly polished 
their surfaces might be. The first exposures through the system using 
coherent illumination showed in fact that the surfaces were not as 
well polished as they might have been. Figure 7 shows an expo~e 
made with coherent illumination and with a clear target aperture. 
Interference patterns of, as yet, unknown origin can be seen as well 
as an over-all mottling which is probably due to what the opticians 
refer to as uorange peel. 11 Fi~re 8 shows an exposure made with 
- -
coherent illumination and with the 0.6 line/mm. cut-off filter in 
place. Again the target aperture was left clear. Here can be seen 
how much more sensitive the system is to dust specks and optical de-
fects such as scratches and bubbles when the system is used in the 
high-pass mode ef eperation. In the case of simple coherent illu-
mination, defects and foreign, matter of this type show up as 11 shadowsn 
cast onto the image plane. With the high-pass filtering mode of 
operation, however, each of these defects provide edges for the dif-
fraction of the light beam and any that are in the vicinity of the 
target space are more or less sharply focused into the final image 
as bright noise patterns. 
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Figure 7. Noise with Coherent Illumination. 
\ 
Figure 8. Noise with High-Pass Filtering. 
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So far, little work has been done in tracing down the 
origin of this noise and attempting to eliminate it since the 
effect of the noise is not critical for the purposes of the pres-
ent investigation. A discussion of this type of noise and a suc-
cessful means for reducing it is given in Reference 8. 
Empirical Check on an Analytical Formula 
The formula relating the dimensions in the filter plane 
to the spatial-frequency components in the target plane as shown 
in Chapt:er II is a simple relationship of focal length, light fre-
quency, and space frequency. It is a very simple matter to test 
this relationship empirically. If a space wave (a series of equally 
spaced light and dark parallel lines) is placed in the target aper-
ture, the diffraction pattern appearing in the filter plane will 
contain spots of light corresponding to the Fourier spectrum of the 
square wave. Since the periodicity of the squ~e wave and the focal 
length can be measured, and assuming the light frequency is known, 
there remains only the measurement of the spacing of the spots of 
light in the diffraction pattern corresponding to the fundamental 
frequency of the square wave to supply enough information to check 
the validity of the formula. The above procedure was followed using 
a Wratten #58 green filter to limit the light irequency, and the 
agreement of the measurements with the formula was found to be well 
within the limits of accuracy of tlre measurements. 
Contrast Rendition Through the System 
As in making the target exposures, a sensitometric step 
tablet was used in the target position when making exposures through 
the filter system. Maintaining sensitometric control when using the 
system with coherent illumination, however, entails some added dif-
ficulty. The step tablet is calibrated in terms of its diffuse 
density since this is the standard form of density measurement for 
use in general photographic sensitometr,r. A diffuse density measur-
ing system m~ be defined as one in which the sample to be measured 
is illuminated with diffuse illumination and the transmitted illu-
mination is measured with a specular reoei ver. The use of a diffusely 
calibrated step tablet in the filter system is therefore valid when 
the step tablet is illuminated diffusely, since the pick-up by the 
objective lens constitutes a sufficiently specular one. To eliminate 
any discrepancies which might be due to the variation of density due 
to the variation of granularity of the film, the step tablet for use 
with the filter system was made on the Panatomic X emulsion used in 
making the targets. 
On the other hand, when the step tablet is illllminated 
specitlarly, that is, coherently, the diffuse calibration is no longer 
valid as the densities are effectively higher in this sort of illu-
mination. 'When the system is used as a high-pass filter, the problem 
becomes even more complicated due to the fact that any light in the 
image other than that associated with detail edges is due to the 
diffusion of the coherent beam by the gra:rmlari ty of the film. The 
effective granularity of the film, however, is not constant over the 
different density levels. 
In light of the above, it was decided that the film response 
and linearity would be controlled using the step tablet with diffuse 
illumination and that the contrast rendition using the system co-
herently illuminated would be related to the diffusely calibrated 
contrast rendition used as the standar4. (See figure 9) 
E!Posures with the Target Set and Hig£-Pass Filters 
In referring to the target set, the following notation will 
be used. The targets will be described with two numbers, the first 
number referring to the relative aperture at which it was made and 
the second to the contrast of the target. Thus, 15-.05 describes 
the target made at f/15 which has a density difference of .05 units. 
In making preliminary exposures with the 0. 4 line/mm. 
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cut-off filter and the 15-.; .; target, it was found that extremely 
long exposures were necessary to bring the background density up 
to the linear portion of the film response. These very long ex-
posures, ·as was pointed out in Chapter III, resulted in an increase 
in the developed gamma of the Panatomic X film. In fact, the gamma 
difference was so great that it -was impractical to attempt to lower 
it Qy the means previously described, that is, by reducing develop-
ment time or developer activity. A film with more sensitivity than 
the Panatomic X was indicated. Also a film with a fairly long 
density sca.le with good linearity was desirable because of the 
fairly large contrast increase with the high-pass filters. The 
film best suited for these requirements seemed to be a new Aerial 
Reconnaissance rapid-processing emulsion, SO 1166. D-19, a standard 
developer for this film, was used at first, but it was found to pro-
duce a response curve with poor linearity. Fortunately a monobath7 
was available for this film which, besides its other advantages, pro-
duced a response curve which was sufficiently linear from a density 
of 0.50 to a density of 3.0. After making test exposures with the 
step tablet at various exposure times, it became evident that it 
would be necessary to give up the requirement of unit gamma if ex-
posures of practical length of time were to be made. The amount of 
time and effort that would be necessary to establish a film-
processing combination that would give unit gamma under these unusual 
conditions did not seem justified. This is especially true since 
it is the case that the data could be reduced to unit gannna condi-
tions provided only that the exposure range used was in the linear 
response region. 
Since direct comparisons between diffuse, simple coherent, 
and filtered coherent imagery are desirable, the final exposures 
with the target set included all of these. Although the SO 1166 
emulsion showed much less variation of gamma with exposure time, 
it was still considered necessary to make all the photographic ex-
ppsures at a constant exposure time. Since this procedure penalizes 
the entire set of exposures to the exposure time for the most dif-
ficult case, an effort was made to increase the level of illumina-
tion of the system as much as possible. The decision to replace 
the HB 107 arc lamp with a ne"tv unit was a fruitful one, since the 
old lamp was found to be coated with a whitish deposit that could 
not be removed. It appeared that the very high temperature and the 
existance of ozone in the lamp housing caused an oxidation of some 
of the metal parts, and the coating on the lamp was due to the prod-
ucts of this oxidation. .An increase in illumination of approximately 
four times was obtained with the new arc lamp, and another smaller 
increase resulted when the Wratten #58 green filter was replaced 
with a Wnatten #57 green filter. 
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The exposures with the target set made with diffuse, co-
herent, and filtered coherent illumination with the four high-pass 
filters were all made at a constant 16-second exposure time. Care 
was taken that the region of exposure in all cases fell in the re-
gion of linearity of the film's response. This was accomplished by 
using neutral density filters at the condensing lens position to con-
trol the coherent exposures, and control of the diffuse illuminator 
(see Chapter III) was obtained by using the Variac voltage control. 
Sensitoint:rbrid control was maintained with the diffusely 
illuminated step tablet, and the developed gamma values obtained 
for all the exposures were 1.41 ~ 0.05. 
Focusing Considerations 
The visual focusing of the system using coherent illumina-
tion, both filtered and unfiltered, was made difficult b.1 the fact 
that the system did. not have a unique focus. The situation might 
best be described by saying that the image distribution would change 
with focus rather than become blurred as in the diffuse :imagery. 
This effect with line structures (periodic) is easily explainable 
with an examination of the coherent, out-o~focus, transfer func-
tion. 
With a high contrast re~olution target, focusing for maxi-
mum resolution, fairly repeatable results could be obtained; but 
there was a difference in the focal position for the three modes 
of imagery. The diffuse maximum resolution focus was the longest 
(furthest from the objective lens) with the filtered image focus 
0.005 inch shorter and the simple coherent image focus 0.010 inch 
shorter than the diffuse focus. For lack 0f any more suitable 
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criteria for focus, the focal positions for maximum resolution were 
used throughout. 
Discussion of Results 
Referring back to the problem of contrast rendition through 
the system, Fignre 9 shows graphically the effect of changing from 
diffuse illumination to coherent illumination. The H and D curves 
were both plotted with the same diffuse calibration of the step 
tablet and show not only the increase in contrast obtained with 
coherent illttm.ination but. also a loss of linearity in the ntoen re-
gion. .Also shown for comparison are smoothed micro-densitometer 
traces of the target squares of exposures made using diffuse as well 
as coherent ill1llllination. Since for the purposes of this study the 
H and D curves shown are sufficient to define the relationship between 
diffuse and simple coherent imagery, no more will be said on this sub-
ject. 
The contrast effects .in high-pass filtering, as compared 
with diffuse imagery on the other hand, are much more cogent and 
meaningful. Figures 10 and 11 show smoothed micro-densitometer 
traces of the target edges for high-pass filtered exposures made 
with the f/15 and f/400 targets. In both cases the 0.6 line per 
millimeter cut-off filter was used, i.e., all of the spatial fre-
quencies from the constant component to 0.6 line per millimeter, 
inclusive, have been filtered out. 
For each of the four contrast levels a dotted line is in-
cluded in the graph to indicate the contrast of the corresponding 
exposure made with diffuse illumination. As can be seen, a very 
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definite and quite ~preciable contrast increase is realized with the 
high-pass filtering for each of the contrast levels. In the case of 
the filtered image at the low contrast levels, the actual increase 
in contrast is difficult to determine because of the large amount of 
11noiseu present, even in these smoothed traces. However, it seems 
to be true that, neglecting the enhancement that occurs adjacent to 
the actual edge, the increase in contrast is very close to what would 
be expected for exposures made merely with simple coherent illumina-
tion with no filtering present. Moreover, the latter appears to hold 
trae using the entire. target set and the full range of high-pass 
filters. Under these conditions, therefore, from what might be called 
a lflarge-scale contrast 11 viewpoint there appears to be no gain in 
high-pass filtering. Indeed, at low contrast levels there could be 
a loss due to the large amount of noise that results with high-pass 
filtering. 
The above effects are brought about by the discrete granular 
nature of the photographic image in the target. Diffraction that 
takes place at the edges of the individual grains and grain clumps, 
producing Fourier orders in the filter plane which lie in the accept-
ance region of the system, liTould result in the inclusion of these 
grain images in the final image. Under the proper conditions, there-
fore, what might be termed a low-frequency component, but which is 
really made up of a large number of high frequencies, could erlst in 
the final image even when the filter used suppose~ removes these 
low frequencies. Another effect of the target granularity is the 
result of simple scattering (multiple reflection, etc.), and in this 
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case light coherency is lost and the scattered light is imaged in-
coherently. 
Figure 12 shows prints of the target squares for the ex-
posures shown in Figures 10 and 11. These prints were all made on 
contrast grade #2 paper, and the prints in each vertical column 
were all made with as nearly identical exposure and development as 
possible. Unfortunately, the highest contrast units for the fil-
tered cases were both of too high contrast to record on the photo-
grapb.ic paper. The enlargement is approximately 5 1/2 times. 
These prints illustrate pictorial±y the increase in con-
trast and noise already discussed and also the edge enhancement, 
which is more primarily the subj eat of this study. 
Before discussing further the effect of high-pass fil-
tering on the photographic target squares, it would be of interest 
to see what is the latter effect when an "ideal" target is used. 
An nideal11 target in this case would be a clear square aperture in 
an opaque background. Figure 13 shows a micro-densitometer trace 
and a print of an exposure made with the original. "mastertt target 
(page 24) and with the 0.6 line per millimeter filter in place. 
Since the original image contrast was too high for linear rendition 
with photographic materials, this illustration is intended mainly 
for qualitative discussion. 
At. the apexes of the highest peaks of the trace there can 
be seen small but sharp decreases in density. These are the result 
of tracing across a fine line in the form of a square which exists 
in the negative at the position of the image of the original target 
Filtered 
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Figure 12. Prints of High-Pass and Diffusely Illuminated 
Exposures of f/15 and f/400 Targets. 
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Figure 13. High-Pass Filtering with an "Ideal" Target. 
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edges. This line is of' too contrast to show up in the accompanying 
print. 
These edge lines do show up, however, much more pronounce~ 
in the f'iltered exposures made with the photographic targets. 
Figure 14 shows smoothed edge traces of' the highest contrast units 
f'or the f'our £/numbers and the f'our high-pass f'il ters. These traces 
were smoothed in the f'ollowing manner. First, a 1/8-inch-thick 
sheet of' opal plexiglass was placed over the original traces on a 
light table. A sheet of' tracing paper was then used to record the 
traces. In this way most of' the unwanted high-f'requeney noise was 
eliminated. Airy further smoothing was then perf'orm.ed by viSllally 
estimating the best f'i t. The one exception to the above procedure 
had to do with the very sharp f'luctuation that occurred near the top 
of' each edge trace. This f'luctuation was the result of' a real por-
tion of' the image, and to show it accurately it was necessary to 
trace it directly f'rom the original trace. 
Observing the set of' traces f'or each target relative aper-
ture used shows the ef'f'ect on the f'inal image d:i.stribution of' dif'-
f'erent amounts of' low-f'requency cut-of'f'. Again, each resolution 
level shown f'or each f'ilter ref'ers to the inclusive upper limit of' 
spatial f'requency removal. As would be expected, the more higher 
f'requencies f'iltered out, the sharper the slope of' the f'iltered 
image, and the higher the f'requency of' the 11ringingn that occurs 
adjacent to the edge. This ringing, which can be seen in the print 
in Figure 13 and in the highest contrast units in Figure 12, is the 
resU.l t of' uncompensated Fourier components just as in the electronic 
temporal f'iltering case. 
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The most important part of the filtered image edge from a 
practical point of view seems to be the sharp fluctuation that occurs 
in most cases near the top (high density) portion of the trace. With 
the high resolution targets (f/1.5 set) the relatively greater number 
of high-frequency components produce a very appreciable enhancement 
(increase in contrast) at the immediate position of the edge. .Al-
though with the low-resolution (f/400) targets this enhancement dis-
appears, the sharp fluctuation previously referred to remains, oc-
curing farther down the edge at a lower density level. The latter 
fluctuation is analogous to a second derivative of the target edge~ 
and as such indio ates the point of inflection of the unfiltered image 
edge. 
Figures 1.5, 16, 17, and 18 are included to illustrate the 
relationship of the positions of these sharp fluctuations to the 
edges of the corresponding images formed with diffuse target illumina-
tion. Each trace of a filtered image includes a trace of the corres-
ponding ince>herently-formed image. Measurements made of these traces, 
although inherently lacking high precision, clearly indicate that 
there is in fact a definite correspondence of position between the 
filtered and unfiltered edges and that the existance of the sharp 
bordering lines in the filtered images provides a reasonably accurate 
means of recovering the positions of the original unfiltered edges. 
Aside from this bordering effect, however, Figures 1.5 
through 18 also show a general widening of the filtered target units 
and a consequent decrease in edge slope. Unfortunately, the latter 
can only be interpreted as a degradation of image quality with the 
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filtering process. In most cases, however, it should be possible 
to improve the situation by a judicious photographic printing pro-
cedure that would be analogous to the 11clipping 11 process in elec-
tronics. Specifically, by proper exposure, most of the "spread" of 
the filtered image which occurs at the lower density levels could 
be submerged below the fog level of the printing emulsion, allowing 
only the sharper peaks of the upper portion to reproduce. 
Summation and Recommendations 
Although the "tvork of this thesis was undertaken as a basic 
study of the response of the spatial filter system, there were, how-
ever, practical overtc:mes. The test object for the study was a sim-
ple edge, but it was rendered with practical photographic materials. 
The investigation was to produce fundamental data on the system t s 
response to the simple edge, but there was also the tacit objective 
of seeking more practical applications. 
Much would still have to be done to provide an exhaustive 
treatment of the stated problem. The effects of variation in source 
size or target granularity, to give two instances, are not known 
completely. The range of filter dimensions used has been far from 
e:x:hausti ve. 
In spite of the comparatively limited extent of the treat-
ment presented in this thesis, I believe that any further attempt 
to extend its scope would be wastef'ul of time.·,_.-c·'_,_,.:, , 
I base this conclusion of the fact of the 
very wide variation in system response that would obtain with the 
extensive combinations of photographic target parameters and filter 
configurations that are possible. 
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Therefore I suggest that in further work with the filter 
system greater concessions should be made toward practical applica-
tion. Specifically, a test should be set up in which a sui table 
criterion for filter optimization could be establiShed. A possible 
application could involve the use of the square and circle target 
. 9 •t arrays that are used by Macdonald in the study of system qual~ ~ 
criteria. In that study, a quality factor used is the probability 
of recognition of the square and circle objects. In this applica-
tion the filter system could be used to attempt to improve the 
probability of recognition in the targets. The ability of the 
filter to improve (or perhaps not improve) the qaali ty of the tar-
gets would be very conveniently expressed in the probability factor. 
One further and very important application of the filter 
system should be mentioned before closing. Many- suggestions have 
been made to utilize the first half of the filter system as an 
harmonic analyzer. Two specific applications have been suggested. 
First, the system could be used with great profit in classroom dem-
onstration to graphically illustrate the Fourier analysis. Second, 
the s,rstem could be used as a research tool to perform Fourier analysis 
on distributions that are difficult or impossible to treat analytic-
ally. In the latter case either an electronic scanner or photo-
graphic emulsions could be placed in the filter plane of the system 
to record the target spectrum which exists in the latter plane. 
Due to the comparative mechanical and electronic complexity of 
scanning devices, and since it is already possible to insert photo-
graphic plates into the filter plane of the existing s.rstem, I believe 
that first attempts should be made with photographic materials. The 
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emulsions used should, of course, have very low contrast (perhaps 
Kodak pan masking film) to be able to record the extreme range of 
intensity that usually exists in the diffraction pattern. Also a 
means should be provided for masking the constant componant of the 
spectrum to reduce flare and halo effects in the emulsion. 
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Abstract 
THE RESPONSE OF AN OPTICAL SPATIAL 
FILTER SYSTEM TO PHOTOGRAPHIC EDGES 
The purpose of this thesis is the empirical determination of the 
response of an optical spatial filter system to photographic detail edges. 
Spatial filtering in an optical system refers to a process in which the per-
formance of the system is modified in terms of object size and shape. In its 
essentials the optical system tested is well known, with spatial filtering ex-
periments having been perfor.m.ed as early as 1906. A renewed interest in re-
cent years has been the result of the application of communication theor,r to 
optics. Reference is made to recent publications concerning the analytical 
treatment of coherent imager,y in general and spatial .fil taring in particular 
as well as to more recent experimental studies. Theoretical considerations 
and analytical treatment are included in this thesis to an extent sufficient 
for the scope of the investigation. 
In general the experimental study of this thesis goes beyond the 
theoretical analysis in the sense that the photographic emulsion which is 
the receiver is a non-linear one and hence is not susceptible to the analysis 
previously developed. The importance of the photographic receiver as such 
warrants this more direct experimental approach. 
The system is composed of a point source which coherently illuminates 
the test object in the aperture of a positive lens. In the plane of the 
image of this point source lies a diffraction pattern whose amplitude and phase 
distribution is characteristic of the spatial frequency distribution in the 
test object. Specifically it is the Fourier transform of the amplitude and 
phase distribution of the test object. 
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A second lens lies in the plane of the latter diffraction pattern and 
utilizes the light diffracted by the test object to form an image of the test 
object. The spatial filtering properties of the system are provided by the 
possibility of changing the amplitude or phase of certain Fourier spectrum 
orders in the diffraction pattern formed by the first lens before the forma-
tion of the image of the test object by the second lens. In the Fourier 
spectrum formed by the first lens, the constant component is formed on-axis, 
and higher frequency orders are located f~ther from the axis •. Therefore, 
reducing the acceptance of higher frequency orders by stopping down the second 
lens constitutes low-pass filtering and placing obscuring spots of various 
diameters on axis in the plane of the Fourier spectrum constitutes high-pass 
filtering. Low~pass filtering is considered a trivial case and is not treated 
in this investigation. It should be remembered that the filtering referred 
to above refers to space-frequencies and not temporal frequencies as in the 
electronics case. 
Theoretical considerations which affected the choice of the various 
components of the optical system in both their mechanical and optical char-
acteristics are discussed~ The completed system is then described by dis-
cussing the various components in the order of their selection together with 
the consideratmons affecting their selection. 
The production of "noise n as extraneous detail in the final :i.Jnage 
by poor surface polish would indicate that higher optical quality would be 
necessary for more critical analysis. 
Since the system requires a very small npointu source to provide the 
necessary coherent illumination, a great deal of searching was necessary to 
locate an arc source of sufficient intensity to make practical photographic 
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exposures possible. The source finally used was an OSRAM HB 107 mercury arc 
of approximately 900 candles per square millimeter. 
t The problem of the high optical quality necessary in the .filter 
plane was solved by making the high-pass filters by suspending small round 
iron shot at the intersection of fine cross wires. High-pass .filters were 
made to filter out spatial frequencies up to 0.3, 0.4, 0.5, and 0.6 lines per 
millimeter inclusive. 
For the test, fundamental photographic edges in the form o.f a light 
square on a dark background were used as test objects. 
The targets varied in edge gradient and contrast. The contrast val-
ues used were 0.70, 0.30, 0.12, and 0.05 units of density difference. The 
edge gradient was varied by imaging the targets through a diffraction limited 
system with relative apertures of f/15, f/45, f/135, and .f/400. The targets 
were made on Panatomic X film developed to a gamma of unity with the exposure 
range in the linear portion of the film's response. The problems o.f establish-
ing a processing control to obtain the unit gamma, etc., and the selection of 
a monobath for this processing are discussed. 
The general operation of the filter system is then covered, and the 
topics of inherent noise, contrast rendition, and .focusing considerations 
are covered. Also an experimental check on the analytical expression relating 
position in the filter plane to spatial frequency in the test object is de-
scribed. 
There then follows a discussion of the operation of the s,ystem in 
terms of its response to the target set when the four high-pass filters are 
used. Micro-densitometer traces and photographic reproduction o.f the resultant 
filtered images as well as images .formed with diffuse and simple coherent il-
lumination are shmin and discussed. 
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The thesis is concluded with the recommendation that further work 
with the filter system be undertaken from the point of view of producing an 
optimrum filter for a certain practical application. Also the recommendation 
is made that the system be used for harmonic analysis as a research tool or a 
classroom demonstration device. 
